lated to its relatively wide skull. Such features are found in less dramatic forms in other sciuromorphous species and the basic arrangement of the masticatory muscles of A. rufa is similar to the arrangement seen in sciuromorphs.
and other features of the masticatory apparatus. The three classic suborders are: Sciuromorpha (squirrels), Myomorpha (rats and mice), and Hystricomorpha (porcupines and the South American caviomorph rodents) [e.g., Wood, 1955] . Characteristics used to define the groups include differences in the position and architecture of the masseter and zygomaticomandibularis (ZM) muscles (see below for an explanation of the nomenclature). An additional, fourth suborder of rodents, Protrogomorpha, was defined by Wood [1937, p. 160] . Protrogomorpha are '… rodent families in which the masseter has not modified the form of the infra-orbital foramen in any manner ...'. Protrogomorph rodents are thought to represent the primitive condition of rodent masticatory muscles in that they lack the rostral expansions of the masseter and ZM found in all of the other extant sciuromorph, hystricomorph, and myomorph species. In their recent, comprehensive study of the Eurymylid Rhombomylus , Meng et al. [2003] found that Eurymylids are probably the sister group of the Rodentia, and their reconstruction of the masticatory muscles of Rhombomylus suggests that these were protrogomorphs as well.
Today, the Sciuromorpha, Hystricomorpha, and Myomorpha sensu stricto are not considered to be monophyletic groups [Wood, 1965] , and it is clear that each of these major grades of the rodent masticatory apparatus may have evolved more than once. Two suborders of rodents (Sciurognathi and Hystricognathi) are sometimes recognized based on the morphology of the ventral border of the lower jaw [Tullberg, 1899; Landry, 1957 Landry, , 1999 Lavocat, 1974; Wood, 1974] . Although the Hystricognathi may be monophyletic [Luckett and Hartenberger, 1985; Huchon et al., 2002; Meng et al., 2003] , the anatomical conditions of hystricomorphy, myomorphy, and sciuromorphy have all evolved more than once [Lavocat, 1974; Wood, 1974; Luckett and Hartenberger, 1985; VianeyLiaud, 1985; Thorington and Darrow, 1996; Hartenberger, 1985; Nedbal et al., 1996; Huchon et al., 2000; Meng et al., 2003; Adkins et al., 2001] .
Aplodontia rufa , the mountain beaver, is the only living protrogomorphous rodent [Anderson and Jones, 1984] . Although A. rufa is thought to be representative of the primitive, protrogomorph grade of rodent masticatory apparatus [Wood, 1965] , most authors believe that the aplodontoid and sciuroid rodents form a clade within the Rodentia based on morphological [e.g., Simpson, 1945; Wahlert, 1985; Meng, 1990; Korth and Emry, 1991] and biochemical/molecular [Sarich, 1985; Huchon, et al., 1999 Huchon, et al., , 2000 Adkins et al., 2001 Adkins et al., , 2003 Debry and Sagel, 2001; Huchon et al., 2002] analyses. A sister group relationship between the Aplodontidae and Sciuridae (among the extant rodents) and placement of the Aplodontoidea within the Sciuromorpha [e.g., Korth and Emry, 1991; Landry, 1999] strongly suggest that the Protrogomorpha are a paraphyletic group.
The present work is a detailed comparison of the masticatory apparatus in A. rufa and Marmota monax. A. rufa is the only extant protrogomorph. M. monax represents sciuromorph anatomy, which is thought to be a derived 'elaboration' of the primitive rodent masticatory apparatus. But the mandibular region of A. rufa appears remarkable, unlike anything found in other rodents. Is A. rufa is a reasonable representative of the primitive, protrogomorphous condition?
Materials and Methods
Five woodchucks (Marmota monax) and 8 mountain beavers (Aplodontia rufa) obtained for the study [Druzinsky, 1989 [Druzinsky, , 1995 were dissected. Single specimens from 5 sciuromorphous species, from the collections of the Field Museum of Natural History, Chicago, Ill., were also dissected ( table 1 ) for comparisons. Animals were dissected with the aid of a dissecting microscope using standard anatomical techniques. Muscles were blotted dry, large tendons and connective tissues removed, and the muscles were weighed. After weighing, muscles were dissected in weak nitric acid to measure fascicle lengths.
Jaw Adductor Muscle Nomenclature
With a major exception, i.e. the muscle that originates from the medial wall of the zygomatic arch is called the ZM, the naming scheme employed by Woods and Howland [1979] for hystricomorphs will be followed; however, English names will be used. Woods and Howland called this muscle the 'masseter medialis', as have many other specialists of the Rodentia [e.g., Tullberg, 1899; Iwaku, 2004, 2006] . This name is rarely, if ever, used in other groups of mammals. In other mammals, the medial masseter of rodents is usually called the 'ZM' or the deep masseter muscle [e.g., DuBrul, 1980; Fish, 1983] . To simplify comparisons between rodents and other mammals, 'ZM' will be used in the present study. Comparative anatomists have used this term for many years [e.g., Parsons, 1894; Von Toldt, 1905; Stark and Wehrli, 1935; Becht, 1953; Turnbull, 1970; Offermans and de Vree, 1989; Ball and Roth, 1995; Thorington and Darrow, 1996] .
Since the ZM is usually called the 'deep masseter' in humans and other primates, the use of the term 'deep masseter' [Ball and Roth, 1995; Thorington and Darrow, 1996] for fibers that originate on the lateral surface and ventral border of the zygomatic arch is confusing, so this muscle will be called the 'lateral masseter' following Woods and Howland [1979; Tullberg, 1899] .
In hystricomorph rodents, a distinct muscle that originates from the lateral jugal fossa [Woods and Howland, 1979] on the posterior part of the jugal has been called the 'm. masseter lateralis profundus, pars posterior, deep division' [Woods, 1972] and, later, the 'm. masseter posterior' [Woods and Howland, 1979] . In recent studies of A. rufa and sciuromorphs [Ball and Roth, 1995; Thorington and Darrow, 1996] , there are no indications that the authors made a distinction between posterior fibers of the lateral masseter, ZM, and this third muscle, the posterior masseter (PM). Even though the orientation of the PM is very different in hystricomorphs compared to A. rufa and sciuromorphs, the positions of the origin and insertion are very similar. Thus, these fibers are called the 'PM' in the present study.
Other Osteological Measures
Bizygomatic breadth (maximum skull width across the zygomatic arches), minimum skull width, maximum skull height, and maximum mandibular height and width were measured with calipers. 
Results

Superficial Masseter
In M. monax the superficial masseter (SM) originates from a large tubercle just lateral and ventral to the infraorbital foramen ( fig. 1 ). The tendon broadens into a wide aponeurosis. Short fibers originate from the deep surface of the aponeurosis to insert on the mandible near the mandibular angle. The most dorsal fibers of the SM cannot be separated from fibers of the lateral masseter, pars posterior. Some fibers from the anteroventral edge of the SM wrap around the angle to insert on a broad plane on the ventral surface of the mandible ( fig. 2 ) . These fibers are similar (but not necessarily homologous) to the part of the masseter called the 'pars reflexa' [Schumacher, 1961] in other mammals.
The laterally projecting, pontoon-like apophyses on the mandible of A. rufa are associated with some unusual morphological feature of the adductor muscles. In fact, the patterns of origins and insertions of the adductor muscles are remarkably similar in the two species.
In A. rufa the SM arises as a thick, flattened tendon from a roughened, oval area of the ventral surface of the zygomatic arch below the infraorbital foramen ( fig. 1 ). The tendon is roughly half a centimeter long in adults. At its distal end, the tendon becomes a hollow cone and muscle fibers originate from its inner as well as its outer walls. The fibers fan out from their origins on the tendon and run posteriorly and ventrally to insert on the horizontal portion of the mandible between the ventral edge of the angle and the most lateral edge of the pontoon ( fig. 3 ) . A small group of fibers that arise on the inferior surface of the tendon insert in a distinct fossa on the ventromedial surface of the mandible just anterior to the attachment of the medial pterygoid muscle. 
Lateral Masseter
The lateral masseter is clearly divisible into two distinct parts in both species, herein referred to as the anterior lateral masseter (ALM) and posterior lateral masseter (PLM). Each part will be described as a separate muscle.
Anterior Lateral Masseter
In M. monax , the ALM is a pinnate muscle. It is thickest at its anterior end, where it originates from the anteroventral surface of the root of the zygomatic arch ( fig. 1 ). The muscle tapers to a thin sheet of fibers that originate from the medial surface of an aponeurosis that is attached to the ventral edge of the zygomatic arch. The fibers end in several short tendinous sheets which insert on the lateral surface of the mandible. At the anterior end of the insertion there is a tubercle for the attachment of a tendon. This anterior tendon arises from fibers that originate in the fossa anterior to the root of the zygomatic arch.
In A. rufa , the ALM is incompletely separable from the posterior portion of the next muscle to be described, the PLM. At its anterior end, the fibers originate from the ventral surface of the zygomatic arch just lateral to the origin of the SM. In this region, the origin is fleshy, but posteriorly the fibers originate from the medial side of a tendinous aponeurosis that is attached to the ventral edge of the zygomatic arch. This tendon is used to distinguish the ALM from the PLM. Muscle fibers that originate on the lateral surface of the tendon are (by definition herein) part of the PLM, and fibers that arise on the medial surface are part of the ALM. The ALM is a pinnate muscle, thick at its anterior end, tapering to a thin sheet at its posterior end. The muscle fibers run ventrally and slightly posteriorly ( fig. 1 ). The most anterior fibers insert at the anterior end of the masseteric line on the lateral surface of the mandible. Posteriorly, the fibers blend with the fibers of the PLM.
Posterior Lateral Masseter
The PLM is almost a true unipinnate muscle. Most of the fibers extend from origin to insertion, parallel to most of the other fibers when the mouth is closed, but some of the fibers that originate from the anterior tendon run much more horizontally than the other fibers of the muscle. In M. monax , the PLM is inseparable from the ALM. It originates from the ventrolateral surface of the zygomatic arch and from the lateral surface of the tough origination tendon that attaches to the ventral border of the arch ( fig. 1 ). The fibers of the PLM run posteriorly and ventrally to insert on several dense aponeuroses attached to the caudal edge of the mandibular ramus along the masseteric line. In A. rufa , the PLM originates just posterior and lateral to the origin of the ALM ( fig. 1 ) . The PLM originates from the large lateral and ventrally facing surface, and the ventral edge, of the zygomatic arch. The most anterior fibers of the PLM originate from a thin tendon; a small tubercle often marks the origin of this tendon. The majority of the posterior fibers have a fleshy origin although the most medial fibers, as mentioned above, originate from the lateral surface of a thin tendinous sheet that they share with fibers of the ALM. The fibers run posteriorly and ventrally to insert on the lateral surface of the mandible anterior to the pontoon, and the anterior and dorsal surfaces of the pontoon itself. At its anteroventral border, the fibers of the PLM are incompletely separable from the fibers of the SM.
Zygomaticomandibularis
The origin of the ZM is from the medial surface of the zygomatic arch, the internal surface of the maxillary root of the zygomatic arch, and from a small area on the ventral surface of the posterior root of the zygomatic arch, just lateral to the glenoid fossa ( fig. 1 ) . In M. monax , the ZM is a thin fan of fibers that inserts, by means of fleshy fibers, near the base of the coronoid process. There are anterior and posterior thickenings of the ZM. The most anterior fibers insert onto a short tendon at the anterior root of the coronoid process. The posterior fibers are a horizontally oriented band that originates on the ventral surface of the posterior root of the zygomatic arch and runs anteriorly to join the fibers of the zygomatic portion of the temporalis. The posterior portion of the ZM (PZM) is probably homologous to the PZM or m. masseter medialis, pars posterior of other authors [cf., Tullberg, 1899; Von Toldt, 1905; Stark and Wehrli, 1935; Ball and Roth, 1995; Thorington and Darrow, 1996] , but these authors may also have included all or part of what is called the PM in the present study.
In A. rufa , anterior and posterior thickenings of the ZM are more pronounced than in M. monax . Anterior fibers of the ZM run posteroventrally while the most posterior fibers run anteroventrally. The muscle is thickest at its anterior and posterior ends, and fills a fossa at the root of the zygomatic arch, posterior and lateral to the infraorbital foramen. Coues [1877] and Eastman [1982] have reported fibers of the ZM that run through this foramen along with the infraorbital nerve and vessels, but no such fibers were found in the present investigation. In all of the animals dissected to date, a distinct plane of loose connective tissue separates the internal walls of the infraorbital foramen from the muscle, and fibers of the m. dilator nasi [Klingener, 1970] originate from the external edges of the foramen, completely covering its external opening, except for the path of the infraorbital vessels and nerve. Without very careful dissection with a dissecting microscope, fibers of the m. dialator nasi appear to be fibers of the ZM that traverse the infraorbital foramen onto the snout.
The posterior part of the muscle (PZM) originates from a distinct, crescent-shaped fossa lateral to the glenoid fossa. Some of these posterior fibers are nearly horizontal in their orientation. Fibers of the ZM in A. rufa insert on the lateral surface of the mandible at the root of the coronoid process. At the anterior end of the insertion, the fibers insert onto a short, thin tendon. The rest of the insertion is fleshy. In some specimens, there is a very faint ridge that marks the ventral extent of the insertion of the ZM on the mandibular ramus anterior to the pontoon and inferior to the coronoid process.
Posterior Masseter
In M. monax , the PM is a small but distinct muscle that originates from a roughened area at the most posterior end of the ventral surface of the zygomatic arch ( fig. 1 ) . It inserts in a fossa just inferior to the mandibular notch, posterior and lateral to the insertion of the ZM. The fibers run parallel to one another in an anteroventral direction. The origins and insertions of the PM are almost entirely fleshy. The course of the masseteric nerve sometimes follows the plane that separates the ZM from the PM. The anatomy of the PM in A. rufa is almost identical to that of M. monax . But since the lateral bulge of the mandible is much more prominent in A. rufa than in M. monax , the fossa for the insertion of the PM is much more distinct than it is in M. monax .
The position of the PM in hystricomorphs is broadly similar to that of A. rufa and M. monax , with some interesting differences. In hystricomorphs, the fibers of the PM run posteriorly (caudally) and ventrally to insert below the condyle on the ascending ramus and the postcondyloid process. In A. rufa and M. monax , they run anteriorly and ventrally from their origin to insert in a distinct fossa on the ascending ramus.
Temporalis
In M. monax , the temporalis originates from the dorsal surface of the skull, the dorsal surface of the zygomatic arch, and the posterior wall of the orbit ( fig. 1 ). It is covered by a thick temporal fascia from which, in some specimens, some of the most superficial fibers appear to originate. The temporalis is usually described in three portions: anterior (TA), posterior (TP), and suprazygomatic (TZ).
The TA [lateral temporalis of Ball and Roth, 1995; Thorington and Darrow, 1996] originates from the temporalis fascia and the inferior temporal line behind the postorbital process. In M. monax, the TA is more distinct from the TP than it is in A. rufa . The fibers converge on the anterior edge of the coronoid process and insert via a short tendon.
The TP [medial temporalis of Ball and Roth, 1995, Thorington and Darrow, 1996] is the largest portion of the temporalis. It covers the entire skull between the inferior temporal line, the posterior wall of the orbit, the lateral edge of the squamous portion of the temporal bone, and the nuchal crest. It inserts on the medial and lateral sides of the coronoid proces and the tip of the process, via a stout tendinous continuation of the tip. The most lateral fibers of the temporalis originate from the zygomatic process of the temporal bone and are called the TZ. There is no clear anatomical plane separating the TZ and the TP. Nor is there a separation between the TZ and the ZM. Stark and Wehrli [1935] appear to have labeled fibers of the TZ part of the ZM in their study of M. marmota .
In A. rufa , the temporalis is the largest of the masticatory muscles. The TA originates from the inferior temporal line by a thin tendinous sheet, the fasciculi originating from the deep surface of the sheet. The fibers of the TA run anteriorly and ventrally to a tendinous insertion at the superior and anterior edge of the coronoid process. The TA is incompletely separable from the TP below it.
The TP is the largest portion of the temporalis in A. rufa . Its boundaries are the inferior temporal line, the nuchal crest, and the posterior wall of the orbit. It originates from the entire surface of the skull within these boundaries. Many of the fasciculi converge on a central tendon that is a tendinous continuation of the coronoid process, but the insertion of the muscle covers most of the medial and lateral surfaces of the coronoid process.
The TZ is defined as fibers of the temporalis that originate on the dorsal surface of the zygomatic process of the temporal bone. In A. rufa the fibers of the TZ cannot be separated from the most lateral fibers of the TP, nor can they be separated from the most posterior fibers of the ZM. The fibers of the TZ run anteriorly and ventrally to insert on the lateral surface of the coronoid process, near its base.
Internal Pterygoid
The internal pterygoid (PI) of M. monax is a complex muscle that fills the space on the medial side of the mandibular ramus. It originates in the pterygoid fossa between the medial and lateral pterygoid plates, and on the lateral wall of the medial plate itself. A thick tendon of origin runs ventrally from the edge of the lateral pterygoid plate, and most of the medial and posterior surface of the PI is covered by a thin aponeurosis that attaches to the angle of the mandible and serves as a broad tendon of insertion. Although on the surface the PI appears to be a fairly simple muscle it is, in reality, quite complex. At its medial end, numerous thin tendons of origin run vertically through the muscle mass, so that the fasciculi are far shorter than the distance from the origin to the insertion of the entire muscle.
The PI in A. rufa is just as complex as it is in M. monax . Most of the origin is fleshy, but a dense, flat tendon originates at the lateral edge of the fossa and covers much of the dorso-lateral surface of the muscle. Laterally, in the area of the muscle that is covered by the superior wall of the pontoon, fasciculi originate from this dorsal tendon. These fasciculi insert on the internal surface of the mandible between the angle and the lateral end of the pontoon ( fig. 3 ).
Muscle Weights
Wet muscle weights for seven jaw adductor muscles from one side of the head are presented in table 2 . The greatest variation in size occurs in the temporalis of A. rufa , which accounts for a mean of 34% of the total adductor mass (n = 4, range 30.3-37.9).
The major anatomical difference between protrogomorphs and sciuromorphs is that the relative size the ALM is much greater in sciuromorphs than in protrogomorphs. In A. rufa the ALM is only 6% of the total adductor mass (n = 4, SD 2).
Bizygomatic Breadth
The lateral end of the pontoon or bulge is the masseteric line; it marks the separation of the attachment areas of the PLM and the SM ( fig. 4 ) . The lateral edge of the zygomatic arch is dorsal and slightly lateral to the lateral edge of the mandible. In species that have relatively wide skulls, the size of the mandibular bulge is large, the larg- There is also a significant positive correlation between skull height and mandibular height (r = 0.94, p ! 0.001, n = 21; fig. 6 ). Tree squirrels have tall and narrow skulls, and tall and narrow mandibles. A. rufa has a short and wide skull, and a short and wide mandible. Terrestrial sciuromorphs are intermediate.
Discussion
The mandibular region of A. rufa is distinct from that of other extant rodents. The caudal ends of the mandibular rami have large apophyses (pontoons) that project laterally so that the mandibular condyles and coronoid processes are far medial to the most lateral points on the ramus. At first glance, homologies between the anatomical features of the mandible in A. rufa and other rodents are obscure. But if the osseus anatomy is considered along with the jaw musculature, it can be seen that the peculiar features of A. rufa are best described simply as 'exaggerations' of features found in other species. Similarities among the species are most apparent when mandibles are viewed from the rear.
Aplodontia
Marmota Wide, flat skulls are found in burrowing, fossorial rodents [Stein, 2000] . This association between skull shape and fossorial life history has been reported in many mammalian groups [Hildebrand, 1985] , as well as extant [Gans, 1960] and fossil amphibians [Wilson, 1941; Bellairs, 1950; Bolt and Wassersug, 1975] . Samuels and van Valkenburgh [2009, p. 262 ] demonstrated that 'rodents with similar digging habits show broad-scale convergence in skull shape'.
The evolution of a lateral bulge in the mandible permits certain anatomical relationships to remain fairly constant among the species. In transverse (coronal) section, the most lateral fibers of the PLM are nearly vertical in all protrogomorph/sciuromorph species dissected. In animals with wide skulls, if there were no bulge the insertion on the mandible would be medial to the zygomatic arch and these fibers of the PLM would produce a strong laterally directed component of force. The most medial fibers of the PI are also nearly vertical in each of the species, since the medial edge of the angle is inferior and just slightly lateral to the medial pterygoid plate. If the ventral edge of the angle did not remain in its position inferior to the medial pterygoid plate, migrating laterally in relatively wide skulls, the PI would have a much stronger medial component of force since there would be no vertical fibers in the medial portion of the muscle. And the relative size of the PI would be quite small since there would be no horizontal plate of bone for the insertion of the PI. The relative size of the SM would also be small since it, too, inserts on the horizontal plate of bone between the lateral edge of the pontoon (or lateral bulge) and the medial edge of the angle. Thus, the presence of a lateral bulge limits the amount of mediolaterally directed forces in the PLM and PI, and maintains large areas for the insertions of the PI and SM.
Some features of the temporalis-ZM complex also appear to be related to widening of the skull and mandible. In species with relatively flat skulls, such as A. rufa and M. monax , there is a distinct postorbital constriction and the left and right temporal masses meet or nearly meet at the midline. Tree squirrels have vaulted, narrow skulls. In these species, there is very little postorbital constriction and the attachment of the temporalis muscle is confined to the lateral part of the skull roof, so that there is a wide, open area between the left and right temporal lines. In species with the relatively widest skulls, the temporalis and ZM comprise the greatest percentages of the total adductor mass ( table 2 ) . Conversely, species that have the tallest and narrowest skulls have the relatively smallest temporalis and ZM. In this respect, rodents are similar to other mammals. In his multivariate statistical analyses of cranial shape in Equidae and Carnivora, Radinsky [1981a Radinsky [ , b, 1984a used temporal fossa width (which he defined as bizygomatic breadth minus breadth at the postorbital constriction) as a measure of temporalis size. Rodents with wide, flat skulls have relatively large temporalis muscles.
In general, species with tall and narrow skulls have tall and narrow posterior mandibles, and species with short and wide skulls have short and wide posterior mandibles ( fig. 5, 6 ) . Two of the studied species, however, are exceptions. Both Tamias and Thomomys (pocket gopher) have vaulted skulls similar to squirrels, but short and wide posterior mandibles.
Tamias (chipmunk) is a terrestrial, scratch-digging, rodent [ Tamias striatus , Wishner, 1982] with large cheek pouches. Ball and Roth [1995] argued that the relatively large (even for rodents) diastemata of Tamias are related to the functions of the cheek pouches. It is also possible that the relatively wide posterior mandibular region is also part of the cheek pouch mechanism. Ball and Roth [1995, p. 289 ] also suggested that the Tamias 'sacrifices force at the incisors' in the position of the temporalis muscles but in the present results Tamias is similar to all of the other sciuromorphs in all measures of mechanical ability and is even the most 'efficient' for some.
Thomomys is a pocket gopher and is categorized as a scratch digger and a chisel-tooth digger [Stein, 2000; Samuels and van Valkenburgh, 2009] . In a recent morphometric analysis of cranial/dental morphology in digging rodents, Thomomys falls within the range of the chisel tooth diggers [Samuels and van Valkenburgh, 2009] . Interestingly, in the same study, Aplodontia falls within the range of head-lift diggers in some of the analyses, and the authors note that the overall, triangular shape of the skull is similar to head-lift diggers. Although it is not certain that Aplodontia is a head-lift digger [Hopkins, 2005] in the wild, I have observed caged individuals pushing material with their heads.
Historically, rodents are characterized as having a relatively small temporalis muscle in comparison with other mammals [Turnbull, 1970; Novacek, 1986] . A relatively small temporalis may insure that, even in powerful biting, almost all of the bite force is projected along the long axis of the lower incisor since regulation of the force produced by even a small temporalis muscle can produce significant changes in the direction of the bite force.
The monophyly of the aplodontoid-sciuroid clade is highly corroborated. Derived features of the cranial foramina [Wahlert, 1985] and the bony architecture of the middle ear [Parent, 1983; Lavocat and Parent, 1985] , as well as albumin cross-reactions [Sarich, 1985] , support the clade. Aplodontoids and sciuroids are distinguished from one another on the basis of only a very few characters. It is easy to differentiate the modern aplodontoid A. rufa from M. monax and other sciuroids on the basis of the enlarged, sciuromorphous ALM alone. But when one examines the fossil records of these groups, the differences are not so apparent. Protosciurus [Black, 1961; Wood, 1965; Emry and Thorington, 1982; Korth, 1987; but cf., Vianey-Liaud, 1985 ] is an Oligocene rodent that was protrogomorphous, having no extension of the ALM in front of the zygomatic arch, but also sharing derived features of the teeth, cranial skeleton, and postcranial skeleton with sciurids. Vianey-Liaud [1985, p. 283] disagrees, suggesting that 'it is no longer possible to distinguish an archaic sciurid from an aplodontid'. However, two other fossil sciurids also appear to be 'protrogomorphous' .
1. Oligospermophilus [Korth, 1987] , and Cedromus [Korth and Emry, 1991] are fossil sciurids that exhibit a 'unique zygomatic structure' [Korth and Emry, 1991] . In these genera, the attachment site of the ALM is largely confined to the ventral zygomatic arch (the protrogomorphous condition), but the anterior end of the arch is slightly 'upturned', so that the attachment area appears to spread anteriorly in front of the arch (the sciuromorphous condition). Examination of numerous skulls of A. rufa from the collections of the Field Museum of Natural History and the American Museum of Natural History reveals individuals in which the area for the origin of the ALM spreads onto the anterior surface of the zygomatic arch ( fig. 7 ) . Similar variations have been described in other fossil rodents. Variations in the origin of the ALM of some fossil gliroids are described by Vianey-Liaud [1985] , which led her to argue that expansion of the ALM occurred independently in muroids and gliroids. (Thus, 'myomorphy' was achieved independently in muroids and gliroids.) Wood [1962 Wood [ , 1965 describes expansions of the ALM in ischyromyid fossils which he terms 'incipient sciuromorphy.' It is unclear whether the structure of the attachment site of the ALM in Oligospermophilus and Cedromus fall within the range of variation seen in Aplodontia . If so, then these genera are clearly protrogomorphous sciurids. If not, then the condition of the anterior zygomatic arch in Oligospermophilus and Cedromus may represent the 'incipient sciuromorphy' that led to the true sciuromorphous condition seen in sciurids. In any case, these variations in the attachment areas of the ALM demonstrate that there are numerous species which do not fit neatly into the morphological categories called 'sciuromorphy' and 'protrogomorphy.'
There is more than one kind of sciuromorphy. Comparisons of the attachment sites for the origins of the ALM and PLM in a wide variety of rodents support the conclusion that the attachments in A. rufa and sciurids are different from those of other rodents. In Aplodontia and in all sciurids examined, a distinct bony ridge marks the attachment of the tendinous aponeurosis which separates the ALM and PLM. In Thomomys , and other geomyid and murine rodents, there is no distinct ridge for a strong aponeurosis separating anterior and posterior portions of the muscle. In addition, the attachment of the ALM spreads posteriorly along the ventral surface of the zygomatic arch, medial to the pars posterior. Thus, 'sciuromorphy' in geomyids and murines is not homologous to the sciuromorphy of the aplodontoid/sciuroid clade.
The morphology of the ventroanterior region of the arch in the glirids also appears to be similar to that seen in the Eocene rodent Sciuravus nitidus [Dawson, 1961] . Although the anterior arch broadens posteriorly, the ventral edge of the arch is strikingly similar to the same region in the dipodids. Sciuravids are thought to be most closely related to geomyids and murids [Wood, 1937; Dawson, 1961 Dawson, , 1977 . Among the extant species, when the percentage of total adductor mass represented by the ALM is compared in sciuromorphous species, Thomomys is distinct. The ALM of Thomomys comprises 42% of the total adductor mass, a much greater percentage than that found in any of the sciuroids. The largest percentage found in any of the sciurids is in Ratufa , in which the ALM comprises 24% of the total adductor mass. The smallest per- centage (mean 6%, SD 2) is found in A. rufa . In Thomomys, the ALM is three times the mass of the PLM. Clearly, the masseter complex of the geomyid Thomomys is different from that of A. rufa and the sciurids.
Numerous early rodents from the Eocene and the Oligocene [Wood, 1962 [Wood, , 1973 [Wood, , 1975 Korth, 1984] have been described as 'incipiently hystricognathous,' in part because of the presence of a fossa on the lateral side of the mandible ventral to the condyle, presumably for the insertion of a muscle which was said to be found only in hystricognathous rodents, the m. lateralis profundus, pars posterior, deep division [Woods, 1972] or m. masseter posterior [Woods and Howland, 1979] . A similar (if not homologous) PM and corresponding fossa is present in A. rufa and sciurids (and even the geomyid Thomomys ). Therefore, the presence of a fossa ventral to the mandibular condyle is not an indication of 'incipient hystricognathy' nor does it represent a synapomorphy of these early rodents and hystricognathous rodents.
A. rufa is a member of the aplodontoid-sciuroid clade with a wide and flat skull. The large temporalis and mandibular apophyses of A. rufa are features related to its relatively wide skull. Such features are found in less dramatic forms in other sciuromorphous species and the basic arrangement of the masticatory muscles of A. rufa is similar to the arrangement seen in sciuromorphs.
